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QUESTIONNAIRE IN A POPULATION OF ELDERLY 
MEN AND WOMEN WITH FRAGILITY FRACTURES AND 
CORRELATION WITH BONE MINERAL DENSITY AND 
BIOCHEMICAL MARKERS 
Laura A. Graeff-Armas, M.D., Ph.D. 
University of Nebraska, 2018 
Supervisor: Ann Anderson-Berry, M.D., Ph.D. 
Assessing food intake is important to estimate nutrient intake and counsel patients regarding their 
diet patterns and supplement use. The purpose of this study was to revise a validated Block 
Calcium/Vitamin D Screener to include protein for use in elderly patients with a history of 
fragility fracture. The Block Calcium/Vitamin D Screener food list was refined by adding protein 
foods and culling the calcium and vitamin D food items based on 2003-2006 NHANES survey. A 
nutrient database for the revised FFQ was developed from the United States Department of 
Agriculture Agricultural Research Service National Nutrient Database. Validation of the revised 
FFQ was attempted in a population of elderly persons. Thirty-one subjects were recruited. After 
signing informed consent, a Mini Mental State exam, history and physical exam were completed. 
Nutrient intake measured by the revised FFQ and the Block 2014 FFQ was assessed in a 
randomized, sequential crossover design.  A biochemical workup and DXA scan for bone mineral 
density measurement was done. Descriptive statistics were generated and all values were 
expressed as median (interquartile range) as the values were not normally distributed. The 
subjects’ biochemical and bone mass values were reported with nonparametric values. The 
agreement between the two methods of measurement of nutrient values were compared using the 
Bland-Altman method. A significant difference between methods was found. The mean difference 
 
 
 
 
between the FFQs measurement of dietary protein intake was 19.7 g (SD 21.6) which  is 
significantly different from 0 ( p=<0.0001) resulting in invalidation of the revised FFQ. A 
secondary analysis of differences in calcium and vitamin D intake measurements using the two 
FFQs was also done. The mean difference between the FFQs measurement of total calcium intake 
was 225 mg (SD 645) and total vitamin D intake was -386 IU (SD 1062). Neither is significantly 
different from 0.  Although the revised FFQ has not been validated for protein intake it does offer 
some advantages over the Block Calcium and Vitamin D Screener in assessing calcium and 
vitamin D intake in a clinical setting.  There were no correlations found between dietary intake of 
the nutrients and biochemical or DXA data.  
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INTRODUCTION 
Osteoporosis Impact 
Osteoporosis is defined by the National Institutes of Health as:  “a skeletal disorder 
characterized by compromised bone strength predisposing to an increased risk of fracture. Bone 
strength reflects the integration of two main features: bone density and bone quality” (National 
Institutes of Health, 2000). An estimated 53.6 million men and women in the US, 50 years and 
older, have osteoporosis or osteopenia (low bone mass) (Lawrence et al., 2017).  The primary 
negative outcome of osteoporosis is fragility fractures and over 2 million fractures secondary to 
osteoporosis were reported in the US in the year 2005 alone. The cost of these fractures is about 
17 billion dollars per year (Burge et al., 2007). The most costly fracture in terms of financial, 
physical and social impact is undoubtedly a hip fracture. Twenty-five percent of all hip fractures 
result in death within a year and two-thirds of patients with hip fractures are unable to return to 
their previous level of function (Leibson, Tosteson, Gabriel, Ransom, & Melton, 2002). 
 There are many interventions that have been proven to prevent fractures including 
osteoporosis medications (Black et al., 1996; Chesnut et al., 2004; Cummings et al., 2009; Ensrud 
et al., 2008; Miller et al., 2016; Neer et al., 2001; Reginster et al., 2000), fall prevention (King & 
Tinetti, 1996; Ray et al., 1997; Tinetti et al., 1994), and dietary nutrient intake (Chapuy et al., 
2002; Lips, Gielen, & van Schoor, 2014; Misra et al., 2011; Sahni et al., 2010). The focus of this 
work is on improving methods used to assess nutrient intake in older persons who have sustained 
a fracture or fractures from osteoporosis and are at risk for another fracture. 
Methods of Assessing Nutrient Intake 
“The measurement of the habitual food intake of an individual must be among the most 
difficult tasks a physiologist can undertake” – Garrow  (Garrow, 1974). 
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Nutrition’s effect on disease has been an area of interest to the research community as 
well as the lay public for many years. A key point in the validity of the findings of correlations 
between nutrients and disease is the accuracy of the assessment of dietary intake. How best to 
assess dietary intake in both individuals and populations has been an area of research for decades. 
First, it is important to recognize if the goal is to quantify specific nutrient intakes with accuracy 
or to classify nutrient intake into general categories (i.e. poor – excellent) which is not as precise. 
If exact quantification is needed, balance studies are done in which the food is prepared, weighed 
and measured for the participant throughout the study. While this is a highly accurate method, it 
is labor intensive so it cannot be used for large groups of subjects and more importantly it does 
not ascertain what nutrients the subject takes in in their daily life. 
More commonly, a ‘self -reported’ method is used in which the subjects list or describe 
what they consume during either a prescribed period of time or on average over the previous few 
weeks to a year. The three most common methods for assessing dietary intakes are the following: 
1) a diet record, 2) a dietary recall or interview and 3) a food frequency questionnaire. 
Diet records are meant to prospectively ascertain the types and amounts of foods eaten 
during a prescribed period of time (i.e. a day, 3, 4 or 7 days). Ideally, they should be recorded in 
real time to be as accurate as possible. One drawback of the diet record is that it may directly 
influence changes in intake and undereating on reported days (Subar et al., 2015). This is why 
diet diaries are used in behavioral modification programs to help with weight loss. They also may 
not be filled out concurrent with eating, but used at the end of the day which makes them subject 
to recall bias or inaccuracies in remembering and reporting past events. 
Dietary recalls are usually done by interviewing a subject about the details of their food 
intake. They can assess any prescribed amount of time. Twenty-four hours and 7 days are 
common periods of measurements. The 24-hour method can be reliable for assessing quantity, but 
because individuals’ diets vary from day to day (Beaton, Milner, McGuire, Feather, & Little, 
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1983), it might not be representative of the subject’s typical diet. Seven day recalls can have the 
opposite problem, while they may be representative of the typical diet, they may not be as 
precise. Any recall method can be influenced by recall bias. 
Both of the previous methods are labor intensive so food frequency questionnaires which 
are designed to be self-administered are more practical for large populations. Food frequency 
questionnaires (FFQ) are designed to measure the subject’s usual dietary intake. Cade et al. 
defined the FFQ as “A questionnaire in which the respondent is presented with a list of foods and 
is required to say how often each is eaten in broad terms such as X times per day/ per week/per 
month, etc. Foods chosen are usually chosen for the specific purposes of a study and may not 
assess total diet”(Cade, Thompson, Burley, & Warm, 2002). The food frequency questionnaire 
was developed from the diet history method which was originally administered as long, open-
ended, unstandardized interviews. The food frequency questionnaire was intended to be an easy-
to-use method that could be self-administered and limited enough to be finished in a reasonable 
period of time. This practically limits the assessment to only a certain number of foods, and 
makes some assumptions about food preparation methods and portion size. So particular attention 
needs to be paid in developing the food list to capture those foods that contribute to the 
population’s total nutrient consumption. The foods chosen must not only be rich in the nutrient in 
question, but more importantly contribute to the overall intake by frequency of consumption and 
portion size. FFQs are widely used in epidemiologic studies as providing the best representation 
of dietary composition of large populations. They can be modified to capture the particular group 
of foods or nutrients that one is interested in assessing. 
Testing Reliability of the Instrument  
Reliability of an instrument is “the ability of the instrument to produce the same estimate 
on two different occasions” (Block & Hartman, 1989). Typically reliability of an instrument is 
tested by giving the test to the same population twice and then comparing the results using 
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correlation coefficients. Reliability does not determine if the instrument obtains the correct 
answer, it merely states that when used repeatedly, it gives the same estimate each time. Several 
issues can affect the measurement of reliability of an FFQ. First, real dietary change could have 
taken place between the two administrations. Second, if the instrument includes more portion size 
choices or food frequency choices, then it will have less reproducibility as the subject will have 
more choices. The physical structure of the FFQ is also important, if the structure makes it is easy 
to put the answer in the wrong place, the reliability will be affected. The population tested will 
also affect the test. Those populations with very routine, repetitive diets will tend to have higher 
reproducibility than groups with more variety in their diets (Block & Hartman, 1989). The 
importance of conducting reliability testing of an instrument is if the reproducibility (or error) of 
the FFQ is known, when the instrument is used pre- and post-  to measure the effect of an 
intervention,  the investigator can determine the change that is expected by simply giving the test 
twice. 
Testing Validity of the Instrument 
Validity is “the ability of an instrument to measure what it is intended to measure” (Block 
& Hartman, 1989). Most FFQs are designed to measure typical intake over several months to a 
year and are used to describe mean nutrient intakes in groups and ranking individual’s nutrient 
intake within the group. The difficulty with knowing if the FFQ is “valid” is it is impossible to 
know the truth about a person’s intake for a year. So the FFQ instruments are usually compared to 
other measures such as serum levels of nutrients (biomarker validation) or to other methods of 
obtaining dietary history such as an interview or from diet records (relative validity). 
Validation studies should always assess the validity of the instrument at the individual 
level. Group comparisons of diet do not give enough information about the instruments ability to 
classify the person appropriately. Block and Hartman (Block & Hartman, 1989) list four factors 
that affect the validity of an instrument: 1) the respondents characteristics such as literacy and 
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memory, 2) the completeness of the food list and the variety of choices for frequency and portion 
size, 3) the adequacy of the reference data used to calculate nutrient values, and 4) any coding 
errors or leading questions used during interviews. 
Description of the Block Food Frequency Questionnaires and their Reliability & Validation 
Testing 
The most widely used food frequency questionnaires in epidemiological studies are those 
developed by Gladys Block at the National Cancer Institute in the 1980s and the Harvard Food 
frequency questionnaire developed by Walter Willett or the multiple revisions of either.  
The original Block FFQ was part of the Health Habits and History questionnaire developed 
in 1984 at the National Cancer Institutes of Health with standard questions designed to collect data 
on major risk factors for cancer and mortality in the US (Block, Coyle, Hartman, & Scoppa, 1994). 
The FFQ portion of this entire questionnaire is sometimes called the Health Habits and History 
questionnaire (HHHQ) and sometimes called the National Cancer Institute diet history 
questionnaire. The list of food items was derived from the NHANES II (1976-1980) which included 
dietary data from 11,658 persons at 64 sites. Dietary data was collected by 24-hour recall interview 
using three-dimensional models to assess portion size and cross checked with usual consumption 
reported on a brief frequency form and the data was coded. Ninety-eight food items were selected 
from a list of 2,244 food codes (grouped into 147 food groups) obtained from the NHANES diet 
records. Foods were selected which were major contributors to daily energy as well as 17 nutrients. 
This was done by first determining the nutrient content of the food from the USDA and industry 
nutrient reports and then determining the amount consumed by the population to assess the 
contribution of the food to the population’s intake of that nutrient.   The final 98 foods represented 
≥90% of the total U.S. population’s intake of energy and 17 nutrients (Block, Dresser, Hartman, & 
Carroll, 1985a; Block, Dresser, Hartman, & Carroll, 1985b). The questionnaire developed from 
this food list, ascertained portion sizes as small, medium and large which were adjusted for sex and 
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age or it could report nutrients of a standard medium amount.  It also used open-ended questions to 
determine more exact frequency of consumption. Specifically, “How many times the food is eaten 
per day, week, month or year”. (See appendix for a full list of the foods ascertained by the original 
Block). Key to the Blocks validity is the Block nutrient database which is based on USDA data and 
industry sources and is updated frequently. 
 The original Block had reliability (or reproducibility) testing done in which it was self-
administered at baseline, 6 weeks, and 3 months. An average correlation was 0.7, ranging from 
0.56 (for carotene) to 0.82 (for percent of calories from fat). This study was mentioned as part of 
a larger review so no details of the study population were reported (Block & Hartman, 1989).  
Another abstract reported reproducibility of the Block FFQ using two different methods 
of administration. Although technically it wasn’t a reproducibility study, it did use the same 
instrument. It compared face-to-face interview vs. telephone interview, with a correlation ~0.7 
between the 2 methods (Leighton, Neugut, & Block, 1988). 
 This FFQ was validated against existing 24-hour dietary records from 50 healthy 
individuals by taking coded dietary records and then filling out the FFQ using the same data. This 
method eliminated the subjects’ response as a source of error and directly assessed the adequacy 
of the food list and the nutrient content and portion size assumptions. The correlation coefficient 
between the 2 methods ranged from 0.73 for total fat to 0.94 for vitamin A (Block et al., 1986).   
 The next validation study was done in 260 women, aged 45-70, who participated in the 
Women’s Health Trial Feasibility Study, a randomized trial of low-fat vs. usual diet (Henderson 
et al., 1990). A modified version of the original Block FFQ was given at the end of 1 year and 
was compared to three 4-day dietary records that were obtained at baseline, 6 and 12 months. The 
modification omitted 9 food items from the Block FFQ and added 5 items resulting in 94 food 
items. The food items omitted were 1) the brand of dry cereal, 2) cantaloupe out of season, 3) 
7 
 
 
 
Tang, 4) mixed vegetables, 5) winter squash, 6) chili peppers, 7) liverwurst, 8) pumpkin pie, and 
9) decaffeinated coffee and tea.  They added diet margarine or whipped butter, popcorn, diet salad 
dressing, sherbet or jello, low-fat cottage cheese or cheese, and plain yogurt. Additional questions 
were added to assess the fat content of hamburger, poultry, canned tuna, yogurt, lunch meat and 
hotdogs.  The authors report that all nutrients estimated by the FFQ are within ± 20% of the 
estimates produced by the mean of the four-day food records. The correlations between the FFQ 
and four-day records ranged from 0.47 for vitamin A to 0.67 for percent calories from fat in the 
usual-diet group and from 0.37 to 0.66 in the low-fat group, with an average correlation of 0.55 
for both groups. The nutrient data bases used for each method were different adding another 
source of error. Interestingly, the added questions to the original questionnaire had no effect on 
the correlations between methods (Block, Woods, Potosky, & Clifford, 1990).  
 Block et al. reported a validation study of the original Block FFQ (with the question 
about restaurant food omitted) against four 4 day diet histories obtained by interview over the 
course of 1 year (Block, Thompson, Hartman, Larkin, & Guire, 1992). The diet histories each 
consisted of a 24-hour recall obtained by a trained interviewer followed by a 3-day diet record 
that was reviewed in person with the interviewer. Each season and day of the week was 
represented in these diet histories. The nutrient database used to analyze the diets for nutrient 
information was calculated using the Michigan State University Nutrient Data Bank. 
Approximately 4 months after completing the final diet interviews, the subjects were mailed the 
Block FFQ and 85 subjects completed the Block. The nutrient database for analysis of the Block 
was the standard Block database developed from the NHANES II database (Block et al., 1985a; 
Block et al., 1985b). Correlations between the Block FFQ and the diet diaries ranged from 0.40-
0.61 for the 18 nutrients reported. 
 Another validation study focused on the ability of a FFQ to accurately reflect the diet of 
the distant past.  This was done comparing results from the original  Block FFQ obtained by self-
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administration or personal interview and asking specifically about a period of time 10-15 years 
prior. The FFQ was compared to two or more 7-day dietary records that had previously been 
completed by 216 men participating in the Baltimore Longitudinal Study of Aging. The database 
of nutrient content was modified to reflect the nutrient database from 10-15 years prior. The 
correlation coefficients were quite low in this study from 0.12 to 0.63 with better correlations 
obtained by personal interview (Sobell, Block, Koslowe, Tobin, & Andres, 1989). 
 Another modified version of the original Block FFQ was produced and then reliability 
and validity testing was done by Mares-Perlman et al. (Mares-Perlman et al., 1993). In their 
version, they added oysters to the original FFQ and then showed the participants a list of 41 
additional food items and asked about frequency of consumption and portion size (small, medium 
and large). The 41 additional foods that were listed were foods that were new to the market since 
the original questionnaire was developed. In addition, they asked about the consumption of fat or 
skin on meat or chicken, the type of fat used in cooking or on food, the brand name of cold cereal, 
the quantity of fruits and vegetables eaten, and the use of vitamin and mineral supplements. The 
FFQ was administered twice, 3 months apart, by a dietician in the subjects’ homes. Then the 
subject was instructed to complete two-day food diaries about every 3 months for a year for a 
total of four 2-day food diaries representing each day of the week. The nutrients were calculated 
using the database designed for the Block questionnaire with modifications which are not 
described in the text. Two hundred and six men and women aged 43-85 years completed the 
study and for the comparison between the FFQ given 3 months apart, correlations between 0.5 -
0.9 for the various nutrients were reported. For the comparison between the FFQ and the dietary 
records, the correlations were highly variable, ranging from 0.06 to 0.80 depending on the 
nutrient.  
 A variation of the original Block was used to assess calcium intake in a group of 37 
women (aged 65-85 years) compared to a 7-day food record. As the focus of the study was 
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calcium, the authors simply used the 34 foods from the Block food frequency list that represented 
85% of the calcium intake in adult participants of NHANES II (see appendix for food list). A 
dietician administered the FFQ and the subjects estimated their portion size as small, medium or 
large. The Block nutrient database based on USDA data and industry sources was used to 
calculate calcium intake. The 7-day food records were analyzed using NUTRANAL, a nutritional 
assessment computer program (S.N. Services, Denver, CO). The calcium intake from the 34-item 
Block FFQ was correlated with the calcium intake from the 7-day food records (r=0.76). 
Reducing the food list to the top five, ten or fifteen foods that make the largest contribution to 
calcium intake in women >55 years reduced the correlation to 0.67, 0.75, and 0.76 respectively 
(Cummings, Block, McHenry, & Baron, 1987). 
 A similar adaptation of the original Block FFQ for assessment of calcium intake was 
undertaken by Brown et al. (Brown & Griebler, 1993). They modified the original full length 
Block by adding seven calcium rich foods including non-fat dry milk, low-fat yogurt, canned 
salmon, tofu, puddings, waffles/pancakes and low-fat cottage cheese. These last 3 were identified 
as being one of the top 34 food items Block identified as providing calcium (Block et al., 1985a). 
They also modified Cummings 34 calcium food FFQ (Cummings et al., 1987) by adding the same 
seven foods to make a 41 item calcium FFQ. They did both reliability and validity testing in 98 
women aged 21-73 years old. They completed both the long modified Block FFQ and then the 
short calcium questionnaire in a single sitting at baseline, 2 months and 6 months. Nutrient data 
for both FFQs was assessed using the Diet Analysis Program (National Institutes of Health, 
Washington, DC). The reliability of the long FFQ had a correlation of 0.71-0.84. The reliability 
of the short 41 item FFQ was 0.70-0.77 for calcium. The validity of the short FFQ compared to 
the long FFQ at each time point ranged from 0.77-0.85.  
The original Block questionnaire was updated in 1990, 1992, 1995, 1998, 2000, 2005 and 
2014. The 1990 version was a reduced version of the original containing 60 items. It was 
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designed to take less time for the subject to complete while still capturing the full range of 
nutrient intake (Block, Hartman, & Naughton, 1990). To develop this the authors dropped 
questions in a step wise approach from the original 98 item Block FFQ and calculated the nutrient 
content of the revised FFQ at each step and correlated them to the original Block FFQ. The food 
items that were candidates for removal were those that contributed to less than 80% of the intake 
of 18 nutrients in the US diet. They also looked at race, sex and age as some specific populations 
have significant contributions of nutrients from specific food items. As a result, rice and cooked 
cereal were added back to the food list resulting in a total of 60 items. The authors experimented 
with leaving out portion size questions, but this reduced the correlation between the two FFQ 
versions substantially so portion size questions were left in the revised version. Ultimately, the 
correlations of all nutrient estimates between the two questionnaires was higher than 0.94. (See 
the appendix for the list of foods included in the 60 item Block and for the foods excluded from 
the original 98 item Block). This shortened FFQ was validated against the 3 four-day food 
records obtained in the Women’s Health Trial Feasibility Study (Henderson et al., 1990) and the 
two seven-day food records obtained 10-15 years before in the Baltimore Longitudinal Study of 
Aging (Sobell et al., 1989). They did not re-administer the questionnaire to new subjects for 
validation, but rather they used the previously reported full FFQ data and included only the foods 
listed on the reduced 60 item Block FFQ to validate the new FFQ (Block et al., 1990). 
An interesting technological advance that changed the 98 item Block FFQ was the ability 
to use scanning technology to speed up data entry. In the 1992 version of the Block questionnaire, 
the frequency of food consumption was changed from open-ended “fill in the blank” questions of 
times eaten per day, week, month and year to closed ended questions with 9 possible 
consumption frequencies ranging from “never” to “2 or more times per day.” Tylavsky et al. did a 
validation study using previously collected FFQ data from the 98 item open-ended Block FFQ in 
62 white females. They then transformed the data using the close-ended Block FFQ by choosing 
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the response category that was closest to the originally reported frequency. They then determined 
what percentage of subjects were classified into a given tertile for each nutrient using each 
method. The percentage of subjects classified into correct quintiles by the new closed-ended FFQ 
compared to the original was 60-87% for macronutrients and 48-87% for antioxidants and 47-
87% for other vitamins and minerals. Overall the mean percentage of correct classification was 
70% for all 25 nutrients. The authors called for new validation studies to be done using the 
closed-ended questionnaire (Tylavsky & Sharp, 1995). 
Caan et al. validated an adapted version of the 1992 Block FFQ against an interviewer-
administered diet history in a case control study of colon cancer conducted between 1990 and 
1994 in California, Utah and Minnesota. Initially, a nutritionist interviewed the subject using 
dietary history cue cards which went into more detail if the subject answered that they ate a 
particular group of foods. Then 5 days later they were mailed an adapted version of the scannable 
1992 Block FFQ. It contained 105 items and had 8 additional food items which included high-
fiber cereal, breads and low-fat dairy or meat items.  Two hundred and forty-seven men and 
women completed both dietary assessments. Comparing the individual subject’s classification in 
quintiles, the median agreement was 75% for the adapted Block FFQ compared to the dietary 
interview (Caan et al., 1998). 
The 1995 Block food frequency questionnaire was another adaptation of the 1992 Block 
FFQ but I found no information on how the additional food items were chosen. The 1995 Block 
FFQ contained a food list of 106 foods. It listed portion size choices as small, medium and large 
which was consistent with the original version.  In addition it included 13 questions on 
supplements, 6 questions on restaurant eating, 8 questions on low-fat foods and fat use. This 
version was validated by Subar et al. at the National Cancer Institute against four 24-hour dietary 
recalls conducted by telephone over the span of a year. Five hundred and fourteen subjects 
completed the Block questionnaire. Correlations between the two measurements for energy were 
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0.45 for both men and women and ranged from 0.19 to 0.80 for 12 other nutrients (Subar et al., 
2001). 
The 1998 version of the full length Block food frequency questionnaire was the next 
version of the Block FFQ and the food list was updated based on the food intake observed in the 
NHANES III conducted in 1988-1994. The literature mentions that this version incorporated 
current cognitive research, (Boucher et al., 2006) however, the published literature did not specify 
the changes that reflected this research. Other contemporary research in the same field used 
cognitive interviewing methods that had subjects verbalize their thought processes while filling 
out various versions of FFQs (Subar et al., 1995). I found no documentation that specifies what 
this process was for the Block 1998 version. The Block 1998 contained 109 food and beverage 
items, twelve vitamin and supplement questions and additional questions to assess fats, fat-
modified foods, types of milk, cereal, fruits and vegetables.  It also incorporated portion size 
pictures for the first time and asked about specific quantities of foods eaten such as ½ cup, 1 
piece, 1 glass, or 1 egg etc. (Block, 2001).  The nutrient database used was the standard Block 
database developed and updated from the USDA Nutrient Database for Standard Reference.  
Boucher et al. did both reliability and validity testing of an adaption of the Block 1998 
version in 93 Canadian women (Boucher et al., 2006). Their version omitted foods unusual in 
Canada and added a few items (although the rationale for the additions was not explained) as well 
as a list of soy foods that the investigators were interested in. The final version included 126 food 
and beverage items. The frequency and portion size format were consistent with the Block 1998 
FFQ. The Block Dietary Data System was used for scanning and analysis of nutrients. The study 
was designed to obtain a baseline modified 1998 Block FFQ , then two 24-hour dietary recalls (1 
weekday and 1 weekend) which were obtained by a dietician via telephone using the Nutrient 
Data System for  Research  (NDS-R, University  of Minnesota, MN) scripted multi-pass approach 
to collect the 24-hour dietary recall data. The reliability testing (comparison of the adapted Block 
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FFQ at the 2 time points) showed correlations of 0.57 to 0.90 for macronutrients and 0.65 to 0.88 
for micronutrients. The FFQ validity testing (comparison of the baseline FFQ with the average of 
the data obtained from the two 24-hour recalls) had correlations ranging from 0.11 to 0.73 for 
macronutrients and 0.50 to 0.76 for micronutrients. 
The Block Brief 2000 food frequency questionnaire contains a reduced food list of 70 
food items. It was designed to provide estimates of usual and customary dietary intake. It has 
fewer foods, so estimates of energy and macronutrients will be lower than "true" levels. The food 
list was based on the food intake observed in the NHANES III conducted in 1984-1988. The 
nutrient database was developed from the USDA Nutrient Database for Standard Reference. 
There are no validation studies published of this version (NutritionQuest). 
The 2005 Block food frequency questionnaire contains 110 food items. The food list was 
updated based on the food intake observed in the NHANES 1999-2000 dietary recall date and the 
nutrient database was developed from the USDA Food and Nutrient Database for Dietary Studies 
(FNDDS), version 1.0. There are no validation studies published of this version (NutritionQuest). 
The 2014 Block food frequency questionnaire includes 127 food and beverage items, plus 
additional questions to adjust for fat, protein, carbohydrate, sugar, and whole grain content. The 
food list for the FFQ was developed from two waves of NHANES dietary recall data, 2007-2008 
and 2009-2010. The nutrient database was developed from the USDA's Food and Nutrient 
Database for Dietary Studies (FNDDS 5.0), the Food Pyramid Equivalents Database (FPED), and 
the Nutrient Database for Standard Reference (SR27). Validation studies of the 2014 version of 
the Block questionnaires have not been published (NutritionQuest). 
Multiple short versions of the Block FFQ have been developed specifically to capture 
specific nutrients or foods including: meat, soy foods, fruits, vegetables, fat, sugar, sodium, fiber, 
calcium, vitamin D, folic acid (NutritionQuest). 
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Food Frequency Questionnaires that Assess Protein 
While the full length FFQs can obviously be used to assess protein intake they are 
cumbersome and lengthy. Surprisingly, there is only one FFQ that was designed specifically to 
measure protein intake. Morin et al. (Morin, Herrmann, Ammann, Uebelhart, & Rizzoli, 2005) 
modified a FFQ used to evaluate calcium intake to evaluate protein intake with a food list 
containing 20 food items. They validated this questionnaire against a four-day diary record and 
against a 24-hour dietary recall in two small groups of healthy volunteers (n=29 and n=43, 
respectively). 
Nutritional Biomarkers in Validation of Food Intake  
While food questionnaires are commonly compared to another method of questionnaire 
or interview for validation, sometimes a biological biomarker can be used to validate the findings 
of an FFQ. A nutritional biomarker can be any biological specimen that is an indicator of 
nutritional status. One of the many uses of biomarkers are to validate dietary instruments. In order 
for a biomarker to be used for validation of a dietary instrument, it must have a direct relationship 
with dietary intake (Potischman & Freudenheim, 2003). 
Calcium Serum calcium is not a good biomarker for validation of calcium intake as 
serum calcium levels are highly regulated by hormonal regulation through the kidney, 
gastrointestinal tract and bone (Potischman & Freudenheim, 2003). The most sensitive measures 
of calcium intake and output are done with highly labor intensive balance studies in which every 
input and output of calcium is quantified. These types of studies are not feasible for larger studies 
and are not indicative of habitual intake which is what we are trying to measure with an FFQ. 
Vitamin D The vitamin D metabolite serum 25-hydroxyvitamin D concentration is a very 
good biomarker of vitamin D input. However, since vitamin D input is largely from sun or 
supplements, 25(OH)D is not necessarily a good indicator of vitamin D input from food sources 
and may not correlate with FFQ results. 
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Protein The most accepted biomarker for protein intake is a research level test using 24-
hour urine nitrogen outputs. To get the most accurate results, the participants need to maintain a 
constant daily intake and collect multiple 24-hour urine samples (Hedrick et al., 2012). The test 
also assumes the participant is in nitrogen balance which includes no tissue loss due to injury 
(Bingham, 2003). 
Review of Protein Intake and Bone 
Protein Effect on Bone Mineral Density In 1824, Sir Astley Cooper described the 
atrophic skeletal state of patients with hip fracture (Anonymous, 1990). While poor overall 
nutrition is obviously associated with low bone mass and fractures, differentiating between 
energy and protein contributions is more difficult. The majority of epidemiologic studies show 
positive correlations between bone mass and protein intake (Freudenheim, Johnson, & Smith, 
1986; Geinoz et al., 1993; Hannan et al., 2000; Lukert et al., 1987; Meng et al., 2009; Promislow, 
Goodman-Gruen, Slymen, & Barrett-Connor, 2002), but there are few studies prospectively 
examining the effects of protein on bone mass. 
Hannan et al. (Hannan et al., 2000) prospectively examined the effect of dietary protein 
intake on change in bone density in 391 women and 224 men over 4 years in the Framingham 
Osteoporosis Study. The subjects were men and women aged 75 years (± 4.4). Protein intake was 
assessed at baseline using 126 food item Willett FFQ (Rimm et al., 1992). The protein intake 
obtained at baseline was compared to an FFQ obtained two years later and was found to have 
very little difference in intake. Protein was expressed as % of energy and after controlling for 
multiple confounding factors that would mitigate the relationship between protein and bone (such 
as weight loss and energy intake), the participants were ranked in quartiles of intake. Using 
continuous data, lower percent protein intake was significantly related to loss of bone mass at the 
femoral neck (p=0.02) and spine (p=0.02). Similarly, when the lowest quartile of protein intake 
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was examined, they had the greatest bone mass loss. The highest quartile with an average intake 
of 1.24 g/kg body weight had the lowest bone mass loss (Hannan et al., 2000). 
Meng et al. (Meng et al., 2009) studied 862 elderly women (age 75 + 3 years) from 
Western Australia who completed a FFQ at baseline and had bone mineral content (BMC) 
measured by dual-energy X-ray absorptiometry (DXA) five years later. The FFQ was developed 
by the Cancer Council of Victoria to assess energy, protein, carbohydrates, fat and calcium 
(Ireland et al., 1994). The women in the top tertile of protein intake (>87 g/ day) had significantly 
more lean mass and BMC. After controlling for confounding factors, the highest group of protein 
consumers had 5.3% higher BMC than the lowest tertile. Not surprisingly, they found that BMC 
and lean body mass were highly correlated (Meng et al., 2009).  
Rapuri et al. (Rapuri, Gallagher, & Haynatzka, 2003) conducted a secondary analysis of 
the association between BMD and protein intake at baseline in 473 women who enrolled in a 
clinical trial of hormone replacement and calcitriol. At baseline, the women with the highest 
quartile of protein intake (as a % of energy intake) had a higher BMD in the spine, radius and 
total body than lower quartiles. Ninety-two women in the placebo group had data to compare 
dietary protein intake and rate of bone loss over the 3 years of the study. There were no 
significant difference in changes in bone mass between the quartiles of protein intake in this 
group of women which might be a result of the small sample size. 
Lukert et al. (Lukert et al., 1987) followed 64 elderly men and women over 4-5 years and 
assessed protein intake at baseline with both FFQ and 24-hour dietary record. They found no 
correlation between change in bone density and protein intake. 
Fruedenheim et al. (Freudenheim et al., 1986) reported multiple nutrients including 
protein in a group of 99 women who were part of a clinical trial assessing the effects of calcium 
on bone density of the forearm. The women completed bimonthly 24-hour dietary records for 3 
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years. They found increased protein intake was correlated with lower rates of bone loss during the 
4 year observation. 
A labor intensive study of 74 hospitalized elderly inpatients was undertaken by Geinoz et 
al. (Geinoz et al., 1993). The authors collected food diaries which were assessed and corrected by 
dieticians 3 times a day over 3 separate days during the admission. The authors compared those 
with >1g protein/ kg body weight to those <1g protein/ kg body weight. They found higher BMD 
of the femoral neck and lumbar spine in both men and women in the higher protein group, 
however, they did not adjust for the confounding factors that those in the lower protein group also 
had lower intake of calories, carbohydrates, lipids and calcium.  
Promislow et al. (Promislow et al., 2002) were able to differentiate between the sources 
of protein (animal protein vs. vegetable protein) effect on bone mass. They reported on the 
Rancho Bernardo cohort, a group of 572 women and 388 men >55 years in age. Protein intake 
was assessed by FFQ (Harvard-Willett) and BMD was assessed by DXA at baseline and 4 years 
later. Energy-adjusted protein measures were positively correlated with bone density 4 years later, 
but this finding was only true for animal protein. Vegetable protein had a negative correlation 
with BMD. The effect was significant in women, and while men had similar findings, they did 
not reach significance. Modeling of the data found that BMD of the hip, spine and total body was 
0.016, 0.012 and 0.010 g/cm2 greater for every 15 g/day in animal protein intake. The authors 
found an interaction with protein and calcium with protein having the greatest effect in the low 
(350 mg/day) and medium (835 mg/day) calcium intakes while having no effect on the high 
levels of calcium (1800 mg/day). 
Review of the Effect of Protein Intake on Fragility Fracture  
Ultimately, the concern over protein’s effect on bone mass is the fracture outcome. There 
are a few studies that have been large enough to address this relationship. Sahni et al (Sahni et al., 
2010) reported the Framingham Offspring Cohort which collected baseline protein intake (using a 
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Willett FFQ) on 1752 men and 1972 women and followed them for 12 years. The effect of total 
protein adjusted for energy was positive. The incidence rates for hip fractures were lower in the 
highest tertiles of protein intake than in the lowest tertiles. This particular study found some 
trends towards plant protein being more protective than animal protein. The authors found a 
significant interaction between calcium and protein (which I will address in detail in the next 
section). 
Misra et al. (Misra et al., 2011) reported a smaller study from the Framingham 
Osteoporosis Study, a population-based study of the 946 enrollees from 1948 who completed a 
Willett FFQ in 1988 to1989 and were followed for almost 12 years. Energy adjusted protein 
intakes were divided into quartiles. Those in the lowest quartile of protein intake (mean 46.45 ± 
7.29 grams per day) had a higher incidence of fracture than the other quartiles (who had a mean 
protein intake range from 59.61-82.74 grams per day). 
In the Iowa Women’s Study (Munger, Cerhan, & Chiu, 1999) of 32,050 women ages 55-
69, participants completed an FFQ and reported on the incidence of fractures (44 had verified hip 
fracture). When compared, the hip fracture group had a lower mean intake of protein adjusted for 
energy (10.11 g/MJ vs. 10.85 g/MJ) than the non-fracture group. After adjusting for confounding 
factors, the highest quartile of protein intake had 1/3 the risk of hip fracture compared to the 
lowest quartile. The authors were also able to differentiate between animal and vegetable protein 
and found animal protein to have the most protective effect. 
A large case-control study of nutrition’s effect on hip fracture was undertaken in Utah 
(Wengreen et al., 2004). Hip fracture cases were ascertained at the time of hip fracture and the 
diet was assessed about 4 months later using a modified FFQ. Unfortunately, 37% of the cases 
could not undergo the dietary assessment because of death or disability. In the remaining 1,338 
cases and the 1,360 randomly selected age and sex matched controls, the risk of hip fracture 
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decreased with increasing quartiles of protein intake (adjusted for energy). This effect was only 
seen in the relatively younger cohort (age 50-69 years), not in the older cohort. 
Dargent-Molina et al. (Dargent-Molina et al., 2008) reported on a large cohort (36,217) 
of postmenopausal French women who filled out an FFQ at baseline and then reported 
information on new fracture occurrence (2408 fractures). There was no clear association between 
fractures and either protein or calcium intake. However, when considered together, those with the 
highest protein intake and the lowest calcium intake had the highest risk for fracture. This data is 
not unique and will be addressed in detail in the following section. 
Meyer et al. (Meyer, Pedersen, Loken, & Tverdal, 1997) reported a similar finding in 
39,787 Norwegian men and women. They also found a relationship between hip fracture and high 
protein intake (from eggs, meat and fish) and low calcium intake. They found the same 
relationship when they included only low milk intake (<1 glass per day) rather than total calcium. 
Sellmeyer et al. (Sellmeyer, Stone, Sebastian, & Cummings, 2001) followed 1035 older 
women for 7 years and assessed hip fracture incidence in relation to protein intake. Protein intake 
was assessed using a modified Block FFQ questionnaire at year two. Hip fracture incidence was 
obtained by frequent questioning by postcard, telephone and yearly visits and confirmed with 
medical records. The authors’ objective was to differentiate between protein sources (animal vs 
vegetable) so while they did describe their cohort as being protein replete, they found that those 
with the highest ratio of animal to vegetable protein intake had the highest rate of bone loss and 
hip fractures. 
A study with negative findings is data from the Nurses Health Study. Feskanich et al. 
followed 85,900 women and found a relationship between higher protein intake (>95 grams per 
day) reported on FFQ and reports of distal forearm fracture (Feskanich, Willett, Stampfer, & 
Colditz, 1996). The authors explored the interaction of dietary calcium with protein intake but 
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although there appeared to be some interaction with high calcium/ high protein being less 
associated with fracture than low calcium/high protein they did not find a significant effect. 
Darling et al. performed a meta-analysis of over 2000 potential articles and selected 28 
appropriate articles including 4 studies of fracture risk (Darling, Millward, Torgerson, Hewitt, & 
Lanham-New, 2009). The author’s overall conclusion was that protein intake explained 1-2% of 
bone mineral density variation, but they did not have enough power to show a reduction in hip 
fracture. 
Interaction between Protein and Calcium Intake 
In the previous review of the effect of protein on fragility fracture, we noted interactions 
between protein intake and calcium intake commented on by several authors. This is not 
uncommon in nutrition research as it is impossible to isolate one nutrient’s effect from the other 
nutrients in the diet. Protein’s effect on bone (both mass and fracture risk) has been controversial 
through the years for just this reason. While epidemiologic studies clearly show a beneficial 
effect of protein intake on fracture risk, the controversy exists because of biologic data. 
Specifically, there has been some line of thought that a high protein diet is deleterious to the 
skeleton through the generation of a high acid load. This comes from data that demonstrated that 
increased protein intake increased urinary calcium excretion (Kerstetter, O'Brien, & Insogna, 
2003). What has been postulated to explain this effect is that dietary protein generates a high acid 
load so resorption of bone is induced to “buffer” the acid resulting in wasting calcium through 
urinary excretion. However, the argument against the protein/acid theory is a physiological one. 
The serum pH is held at a very narrow range and even with controlled diets of either maximal 
acid or alkaline intake in humans produces a very small change of serum pH (0.014 units) (Buclin 
et al., 2001). Osteoclast bone resorption would require a much larger change in pH (~ 0.2 units) 
to increase resorption (Arnett, 2003).  
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To follow-up on the physiologic effects of interactions between calcium and protein, two 
studies were done that used a variety of calcium and protein intakes. The first combined a low or 
high calcium intake combined with a low or high protein intake (Hunt, Johnson, & Fariba 
Roughead, 2009). They found that at low calcium intakes, the high protein diet increased the 
intestinal calcium absorption by 42% and also increased urinary calcium excretion, although the 
high protein diet did not have a marked effect at high calcium intakes because absorption was 
likely already maximized. The second study used calcium isotopes to compare the effects of a 
low or high protein intake on calcium absorption and the authors showed that the increase in 
urinary calcium absorption came from the increase in intestinal calcium absorption, not bone 
resorption (Kerstetter, O'Brien, Caseria, Wall, & Insogna, 2005). 
Further evidence of a protein/calcium interaction on bone mass was observed in a 
randomized, placebo controlled trial of supplemental calcium 500 mg per day which resulted in a 
total intake of 1346 mg/day in the supplemented group and vitamin D (Dawson-Hughes & Harris, 
2002). The calcium supplemented group gained more bone mass as a whole over 3 years of 
treatment than the placebo group, but more interesting was the effect of protein. The subjects with 
the highest tertile of protein intake and calcium supplementation gained the most bone mass 
which is to be expected. Those receiving calcium supplementation and in the lowest tertile of 
protein intake showed no effect on bone mass and conversely those at the highest protein intake 
and placebo (low calcium intake) also had no gain in bone mass, demonstrating that there is likely 
a synergistic effect between protein and calcium on bone. 
Purpose of This Study 
There are very long food frequency questionnaires (FFQs) which attempt to capture every 
food, but these can take up to 2 hours to complete so shorter FFQs were developed to assess 
specific nutrients or food groups of interest. The purpose of this study is to revise an existing 
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validated Block Calcium/Vitamin D Screener (Calcium/Vitamin D Screener) to include protein 
for use in a population of elderly patients with a history of fragility fracture.  
CHAPTER 1: METHODS 
Description of Instruments 
Block Calcium Vitamin D Screener 
The current Block calcium/vitamin D screener was published in 2004 by Nutrition Quest 
(NutritionQuest). It was developed with similar methods as previously devised Block screeners 
(personal communication with Nutrition Quest staff, June 2014). 
Intended Population  
The screener was developed from data obtained from NHANES 1999-2001 which is a 
large cross-sectional survey across the US in a non-institutionalized civilian population, including 
all ages, sexes and races  (US Department of Health and Human Services, Centers for Disease 
Control and Prevention, & National Center for Health Statistics, 2012). The calcium screener is 
intended for this population of adult participants, greater than age 18 (NutritionQuest). 
Purpose  
The purpose of a FFQ, and specifically this FFQ, is to get an overall viewpoint of the 
habitual calcium and vitamin D intake of a “large” group of people. This type of questionnaire is 
not appropriate for studies which require accurate absolute intakes, but is more useful for ranking 
participants into general categories of low, medium, and high intake relative to each other. 
Physical Description  
The current version includes 19 food items, 3 supplement questions, and 3 questions that 
address calcium fortification of breads, orange juice, and cold cereal (See Appendix for a copy of 
the questionnaire). It assesses how often these specific foods were consumed in the past year in 6 
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categories ranging from “never” to “everyday”. Many foods have a standard amount consumed 
but in the case of 8 foods, amounts of the food consumed (1-3 glasses, bars, slices etc.) are 
determined. The screener also asks for the following demographic information: age, sex, and if 
the person is pregnant or breast feeding. The measurements obtained are at the ordinal level and 
are two dimensional. The screener is estimated to take 7-8 minutes to complete and is designed to 
be self-administered. 
Psychometrics 
Reliability 
There is no published information on the reliability of the current Block calcium/vitamin 
D screener and the Nutrition Quest staff confirmed this (personal communication, June 2014).  
Validity  
The validity of various Block questionnaires have been reported by many investigators in 
several different populations (NutritionQuest). See the above for details of those studies. 
However, surprisingly little has been published of the validation of the current Block 
calcium/vitamin D screener. The only study that is published compared an early modification of 
the full length original Block. It selected, from the original Block, 34 food items that represented 
85% of the calcium intake from NHANES II. This new calcium FFQ was validated against 7 day 
food records  in a group of 37 elderly women from 2 senior citizen centers in San Francisco in 
1985 (Cummings et al., 1987). The questionnaire was administered by a trained dietician. They 
were asked the frequency of consumption of food items and about typical portion size compared 
to standard measuring cups from ¼ - 1 cup. The portion size was classified as small, medium or 
large. After the FFQ was completed, the women were instructed to record their food and beverage 
intake for the next seven days. Calcium supplement use was not included. Calcium intake was 
calculated using the database and software developed by Block for assessment of the full length 
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Block FFQ. Calcium content of the 7-day food records was analyzed at the University of 
California using NUTRANAL, a nutritional assessment computer program. Correlations between 
the revised Block Calcium FFQ and 7 day food diaries was 0.76. Interestingly, reducing the 
number of foods to the top 10 or 15 foods had no effect on the correlation. 
Strengths 
The strengths of the current Block questionnaire are that the food list was compiled using 
a representative sample of the U.S. population across many ages, genders, ethnicities, and 
socioeconomic strata. The physical design of the questionnaire is strong, following many of the 
principles of a well-designed questionnaire per Cade et al. (Cade et al., 2002) including a 
reasonable number of food items and the order of the items asked (grouped by typical meal). 
Another strength is that it can be self-administered. Calcium intake is unique as there are many 
fortified foods and at least 30-50% of the US population takes supplements to provide some 
additional calcium. The screener addresses this by asking about some fortified foods and 
supplements. 
Weaknesses 
It was surprising, considering the reputation of the Block questionnaires, that there was a 
lack of published documentation of the development process, theoretical underpinnings, 
reliability, and validity of the calcium/vitamin D screener. The one article by Cummings et al. 
(Cummings et al., 1987) that is frequently cited as validation was actually not validation of the 
current instrument, but rather a validation of a modification of the full length original Block 
which was almost twice as long as the current screener. Another weakness is the assumption of a 
standard portion size of greater than half the food items. Another weakness is inherent to FFQs in 
general, and that is they assume nutrient bioavailability from the foods reported. For my research 
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purposes, I wanted to include protein food sources in the revised FFQ food list in order to capture 
the three nutrients of interest to my studies: Protein, Calcium and Vitamin D. 
Block Questionnaire 2014 Full-length FFQ and Physical Activity Screener 
For validation, our revised calcium, vitamin D and protein FFQ will be compared to the 
latest version of the full-length Block. The Block Questionnaire 2014 Full-length FFQ and 
Physical Activity Screener (Block 2014 questionnaire) was published in 2014 by Nutrition Quest 
(Berkeley, CA) and is the latest of a series of full length FFQs published by Gladys Block since 
1989. The original Block was based on the food intake observed in the NHANES II conducted in 
1976-1980 and this has been updated seven times using the latest NHANES data. There have also 
been multiple versions developed for a specific nutrient or type of food group. The 2014 version 
was developed from analysis of two waves of NHANES dietary recall data, 2007-2008 and 2009-
2010. 
Intended Population  
The food list for the 2014 Block FFQ was developed from NHANES dietary recall data.  
This a large cross-sectional survey across the US in a non-institutionalized civilian population, 
including all ages, sexes and races (US Department of Health and Human Services, 2012). The 
FFQ questionnaire is intended for this population of adult participants, greater than age 18 
(Nutrition Quest). The nutrient and food group analysis database was developed from the USDA's 
Food and Nutrient Database for Dietary Studies (FNDDS 5.0), the Food Pyramid Equivalents 
Database (FPED), and the Nutrient Database for Standard Reference (SR27). 
Purpose  
The purpose of a FFQ is to get an overall viewpoint of the habitual nutrient intake of a 
“large” group of people. This type of questionnaire is not appropriate for studies which require 
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accurate absolute intakes, but is more useful for ranking participants into general categories of 
low, medium, and high intake relative to each other. 
Physical Description  
The Block 2014 Questionnaire includes 127 food and beverage items, 22 supplement 
questions, plus additional questions to adjust for fat, protein, carbohydrate, sugar, and whole grain 
content. It asks how often these specific foods were consumed in the past year and amounts of the 
food consumed (1-3 glasses, bars, slices etc.). It provides a picture of portion sizes ranging from 
¼ cup to 2 cups of food for reference. The screener also asks for the following demographic 
information: age, sex, height, weight and if the person is pregnant or breast feeding. The 
measurements obtained are at the ordinal level and are two dimensional. The scale used is a 
number anchor with 9 choices of “never” to “everyday” with almost continuous outcomes. The 
screener takes 1 hour to complete and is designed to be self-administered. 
Psychometrics 
Reliability 
The original Block had reliability testing done in which it was self-administered at 
baseline, 6 weeks, and 3 months. Correlation was 0.7, but there are no details of the study 
population tested (Block & Hartman, 1989). The only other reliability testing of the Block FFQ 
was done of an adaptation to the Block 1998 by Boucher et al. (Boucher et al., 2006).  Reliability 
testing of the subsequent versions of the Block FFQ has not been published (NutritionQuest). 
Validity 
The original Block FFQ questionnaire was updated in 1990, 1992, 1995, 1998, 2000, 
2005 and 2014. See above for details of published validation studies of these versions. Specific 
validation studies of the 2014 version of the Block questionnaires have not been published. 
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Strengths  
The largest strength of the Block questionnaires as a whole are the robust methods by 
which they obtain the food lists through use of the NHANES data which is representative of the 
US population and includes all ages, races and geographic regions. This allows them to determine 
with accuracy what foods are contributing to the majority of the population’s macronutrient and 
micronutrient intake. The database that is used to assess micronutrient intake is also updated 
regularly using the USDA's Food and Nutrient Database and the Nutrient Database for Standard 
Reference as well as industry data. 
Weaknesses 
The fact that there have not been reliability and validation studies published of the most 
recent versions of the full length Block does dampen enthusiasm for their use. 
Revised Calcium, Vitamin D and Protein FFQ  
Revision Methods 
Food List - The food list for the revised Calcium, Vitamin D and Protein FFQ was 
developed from the existing Calcium and Vitamin D Block FFQ screener. Published data from 
NHANES 2003-2006 (O'Neil, Keast, Fulgoni, & Nicklas, 2012) was used to select the top 
contributors of calcium and vitamin D in the existing Calcium and Vitamin D Block FFQ 
screener and to determine the percent of nutrients the screener will capture. This resulted in the 
deletion of oatmeal, cakes and donuts, tortillas and carbonated beverages from the Calcium and 
Vitamin D Block FFQ Screener as they are not only low in calcium and vitamin D nutrients but 
do not contribute significantly to the majority of the population’s calcium or vitamin D intake. 
Some food items were left on the screener (i.e. legumes and yogurt) because they were high in 
protein and/or calcium and even though they had <1% contribution to that nutrient in the 
population’s diet, they will provide a significant source of those nutrients if an individual 
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consumes them. According to the NHANES data (O'Neil et al., 2012), the revised Calcium, 
Vitamin D and Protein FFQ will capture 62.7% of the vitamin D intake and  63.1 % of the 
calcium intake in our population. Protein foods were added to the questionnaire based on the food 
sources listed in the NHANES data (O'Neil et al., 2012). We added beef, poultry, pork, ham and 
bacon, fish and shellfish, frankfurters, sausages, luncheon meats, and nuts and seeds which will 
capture 71.5 % of the protein intake of our population. 
Nutrient Database - The United States Department of Agriculture Agricultural Research 
Service National Nutrient Database for Standard Reference Release 28 was used to search for all 
foods in our food list listing the following nutrients: protein, calcium and vitamin D content. I 
used household measurements and selected products listed on the revised Calcium, Vitamin D 
and Protein FFQ along with common serving size, protein, calcium and vitamin D content. These 
were compiled on an Excel spreadsheet in the order they appear on the revised Calcium, Vitamin 
D and Protein FFQ. Similar foods in the same category were grouped and normalized to the same 
serving size and the mean value for each nutrient was used for that category. For example, eggs 
or breakfast sandwiches containing eggs were grouped together (as in the Block 2014 
Calcium/Vitamin D FFQ screener) and the mean value was used for that category. If the database 
had different measures of food, I normalized them to a common serving size (i.e. 3 oz. serving for 
meat) and then converted that to the measure used in the Full length 2014 Block FFQ (i.e. ½, 1 
cup serving size). 
Frequency of Consumption - The frequency of foods eaten was modified from the full 
length Block 2014 questionnaire to combine ‘never’ and ‘a few times a year’ together and ‘once a 
month’ and ‘2-3 times a month’ together resulting in 7 frequency categories. The portion size 
questions used the same format and quantity as the full length 2014 Block FFQ. The only portion 
size changed was yogurt from ½ cup size portions to container size portions as most people eat 
yogurt from a container, not from a bowl or plate. 
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Physical Description - The physical design of the revised screener instrument was closely 
based on the Calcium/Vitamin D Screener, which has a very good, clear format. At the top, the 
subject identifying information and demographics such as age and sex is placed. The food list 
containing 29 food items and 5 supplement items is on the left side with a 7-part scale with a 
range of frequency from never to everyday. Serving sizes are specified as 1/2-3 cups etc. As this 
study used a telephone interview process to administer the FFQ, it resides as an Access file 
(Microsoft, Redmond, WA) and scores the subject’s nutrient intake as data is entered. (See the 
appendix for an example of the revised FFQ).  
Scoring - Each food item was entered into the database  listing the calcium, protein and 
vitamin D content (in mg, g and IU) reported by the  United States Department of Agriculture  
Agricultural Research Service’s National Nutrient Database for Standard Reference Release 28. 
We collected data on portion size using the same format as the Block 2014 and multiplied the 
portions reported by the amount of calcium, vitamin D and protein in each serving to obtain the 
amounts of nutrients eaten. This is multiplied by a frequency value to provide an estimate of 
calcium (mg), protein (g) or vitamin D (IU) taken in daily. The value for each frequency category 
was calculated by dividing 1 by the average frequency in that category (i.e. once per week is 1/7 
or 0.14). The frequency category values are 0 for never to a few times per year, 0.7 for 1-3 x per 
month, 0.14 for once a week, 0.28 for 2 x per week, 0.5 for 3-4 x per week, 0.79 for 5-6 times per 
week and 1 for every day. These frequency values are based on the Block 2014 frequencies which 
has 9 categories. We condensed some of the very small values such as ‘never’ and a ‘few times a 
year’ into one resulting in 7 frequency categories.  An Access file was built to automatically 
calculate the nutrient content simultaneously as the portion size and frequency is entered. 
Psychometrics 
Validation  
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The instrument was tested for face validity in a representative sample (n=4) of the elderly 
population so that issues with clarity of the questions were addressed before testing for criterion 
validity was done. In the context of documenting food and nutrient intake, our most important 
concern is criterion validity or how well the instrument measures what it purports to measure. 
This has been done for the 2014 Block full length FFQ. The revised Calcium, Vitamin D and 
Protein FFQ was validated in the population of elderly subjects with fragility fracture in which it 
will be used.  
Study Design 
For criterion validation, we compared the nutrient intake measured by the revised 
Calcium, Vitamin D and Protein FFQ to the nutrient intake measured by the 2014 Block full 
length FFQ using a randomized, sequential crossover study design.  
Participants 
The subjects were elderly men and women, defined as >65 years, (World Health 
Organization, 2013) who had sustained a fragility fracture (defined as a fracture sustained after a 
fall from a standing height or less). These patients were seen in outpatient clinics in either the 
Nebraska Medicine Diabetes Clinic or in the Nebraska Medicine Orthopaedic Surgery & 
Rehabilitation Clinic. The patients were referred by the orthopedic service or by their primary 
doctor for workup and prevention and treatment of osteoporosis. After their appointment, they 
were approached about joining the study. The standard of care is to undergo biochemical workup 
for bone health which includes 25-hydroxyvitamin D, comprehensive metabolic profile, bone 
specific alkaline phosphatase (a bone remodeling marker), phosphorus and transglutaminase IgA 
(to rule out celiac disease), DXA scan for bone mineral density measurement and counseling 
regarding food choices for calcium and protein rich foods and the need to start or continue 
calcium and vitamin D supplementation. Frequently, these patients are in rehabilitation or a 
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nursing home for some time after their dismissal from the hospital. If this was the case, we waited 
until they returned home to do the interviews. 
Inclusion/Exclusion 
The subjects were included if they were  men and women, age >65 years with a fragility 
fracture (defined as a fracture sustained after a fall from a standing height or less), they had to be 
English speaking and have the mental capacity to recall events with a Mini Mental State exam 
score >24 (Mungas, 1991). They had to have a telephone and the ability to answer questions over 
a phone. The subjects were excluded if they had secondary causes of fragility fracture such as 
malabsorption (celiac disease, bariatric surgery), liver disease, organ transplant, 
hyperparathyroidism, multiple myeloma, current cancer diagnosis, or alcoholism. Fracture 
patients were excluded if they had renal disease requiring dialysis (as the dietary requirement of 
these patients is quite different from the general elderly population). They were excluded if they 
were on tube feeds of any kind (although supplemental food such as Ensure was allowed).  
Protocol 
In compliance with the World Medical Association Declaration of Helsinki –Ethical 
Principles for Medical Research Involving Human Subjects, all subjects provided a signed written 
consent approved by the University of Nebraska Medical Center Institutional Review Board. 
After signing informed consent, a Mini Mental State exam, history and physical exam were 
completed (see Appendix).  A copy of the food pictures from the Block 2014 was given to the 
patient (see Appendix). An appointment time for a telephone call (about 4 weeks later) was 
arranged to administer the questionnaire. The patient was randomized using a randomly generated 
number on an Excel spreadsheet to receive either the Block 2014 or the revised screener first 
followed by the other questionnaire to account for any confounding that the clinic visit and 
accompanying dietary education may have on the measurements.  After the 1st call, a 2nd 
telephone appointment was made about 4 weeks later to administer the 2nd test. The results of the 
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exams, history, FFQ and food recall were entered from paper charts into an Excel database.  As 
part of the standard of care workup for osteoporosis, a biochemical workup including 25-
hydroxyvitamin D, comprehensive metabolic profile, bone specific alkaline phosphatase (a bone 
remodeling marker), phosphorus and transglutaminase IgA (to rule out celiac disease), and  DXA 
scan for bone mineral density (BMD) measurement was done and included in the study database.  
Analytical Methods 
Food Frequency Questionnaires The revised Calcium, Vitamin D and Protein Food 
Frequency Questionnaire and The Block Questionnaire 2014 Full-length Food Frequency 
Questionnaire and Physical Activity Screener (Nutrition Quest [Berkeley, CA]) were 
administered via telephone interview. The participant was asked the food items in the order that 
they were listed on the questionnaire and asked to assess the frequency and amount they typically 
ate over the past year. The revised FFQ data was entered and scored by the Access database 
(Microsoft, Redmond, WA) according to the methods outlined above. The Block Questionnaire 
2014 Full-length Food Frequency Questionnaire and Physical Activity Screener was a paper form 
that was filled in and at the end of study, all completed Block 2014 FFQs were mailed to 
Nutrition Quest (Berkeley, CA) for analysis. 
Mini Mental State Exam Folstein’s Mini Mental State Exam was used to test cognition. 
It is a widely used 30 point questionnaire that assesses cognition based on orientation to time and 
place, registration and recall, attention and calculation, language, repetition and the ability to 
follow complex commands. Any score equal or greater to 24 is indicative of normal cognition 
(Folstein, Folstein, & McHugh, 1975).  
Bone Mineral Density Bone mineral density and bone mineral content measurements 
were made by dual energy X-ray absorptiometry (DXA). The data was taken from the patient’s 
33 
 
 
 
clinical chart and bone mineral density and T-score of spine, total hip and femoral neck were 
recorded. 
Laboratory Analytical Methods 
Laboratory data was taken from the patient’s clinical chart including the following: 25-
hydroxyvitamin D, comprehensive metabolic profile, bone specific alkaline phosphatase (a bone 
remodeling marker), phosphorus and transglutaminase IgA (to rule out celiac disease). All but 
one subject’s labs were analyzed at the University of Nebraska Clinical Laboratory. 
Statistical Analysis 
Power Calculation The power for this study was based on the agreement between the 
two methods ability to measure protein intake. Based on the O’Neil et al. article, (O'Neil et al., 
2012) females greater than 71 years consume 58.6 (+14.7) g/d of protein.  Assuming the 
correlation between the two assessments is 0.6, a sample size of 30 achieves 89% power to detect 
equivalence when the margin of equivalence is from -8.0 to 8.0 g of protein /day and the actual 
mean difference is 0.0. The significance level (alpha) is 0.05 using two one-sided Paired T-Tests. 
In other words, if the difference in protein intake as determined by the two questionnaires is 
between 8 and -8 g/day the two questionnaires will be equivalent.   
Statistical Methods Descriptive statistics were generated using the statistics package, 
PASW Statistics 25.0 (SPSS Inc., Chicago, Illinois) and Microsoft Excel 2013 (Microsoft 
Corporation, Redmond, Washington). Descriptive statistics were generated and all values were 
expressed in median (interquartile range) as the values were not normally distributed. The 
subjects’ biochemical and bone mass values were reported with nonparametric values. The 
agreement between the two methods of measurement of nutrient values were compared using the 
Bland-Altman method (Bland & Altman, 1986) as this method compares how closely 2 methods 
that measure the same variable come to the same answer. This method is superior to simple 
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correlations as correlation measures the strength of a relation between two variables, not the 
agreement between them. The differences between the FFQs measurements of intake were 
compared to 0 using a one sample t test. If this was not significantly different from 0 a linear 
regression was run to test for proportional bias using the difference in measure as the dependent 
variable and the mean of measures as the independent variable. Proportional bias was rejected if 
p>0.05. Bland-Altman plots were used to observe the agreement between the revised FFQ and the 
Block 2014 FFQ at the individual level for protein, calcium and vitamin D intake. The 
measurement error was shown by plotting the individual difference between the FFQ 
measurements against the mean of the FFQs (Bland & Altman, 1986).  Correlations between 
nutrient values obtained by the Block 2014 and the bone mass and biochemical measures were 
examined using Spearman correlations. 
CHAPTER 2: RESULTS 
Subjects 
Thirty-one subjects (29 female, 2 male) were recruited and consented for this study. One 
subject dropped out of the study for personal reasons before completing either FFQ, but her 
demographic and lab data is included. See Table 1 for demographic information. On their mini 
mental state exam, 18 subjects had perfect scores (30) while 6 subjects had a score of 29,              
3 subjects had a score of 28, 3 subjects had a score of 27 and 1 subject had a score of 26. 
The sentinel fracture sites (incidence) were femur (8), vertebrae (7), pelvis (5),  humerus 
(4), tibia (3), radius (3), and fibula (1). Fourteen subjects required surgical repair while seventeen 
were not surgically treated. Seventeen subjects had a previous osteoporosis diagnosis and had 
been previously treated with osteoporosis medication. Twenty-six subjects had had a previous 
measurement of bone mineral density (BMD) by DXA and twenty-two had been told to take 
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calcium and vitamin D in the past. Thirty subjects had lived in a house or apartment prior to the 
fracture and one had lived in a nursing facility. 
DXA and Laboratory Data 
See Tables 2 and 3 for details of DXA and lab data. The DXA data is available for 29 
subjects, in 2 instances only the report containing T-scores were available so BMD data were not 
included. Lab results are listed in Table 3. These were collected from the patients’ charts at the 
time of initial consult or clinic visit. 
Table 1 Demographics a 
n  31 
Age yrs 74 (70-78) 
Gender 29 F, 2 M 
Height cm 165 (155-168) 
Weight kg 74.0 (64.9-83.5) 
BMI kg/m2 27.5 (24.0-30.0) 
Race  30 Caucasian, 1 African American 
MMSEb  30 (range 26-30) 
amedian (Interquartile range) 
bMini Mental State Exam – maximum score 30 
 
Table 2 Dual-energy X-ray absorptiometry (DXA) dataa 
n 
Spine BMD g/cm2  0.973 (0.857-1.067)  25 
Spine T-score   -1.6 (-2.6 to -0.2)  27 
TBS score   1.28 (1.08 – 1.33)  12 
Hip BMD g/cm2  0.763 (0.735-0.818)  27 
Hip T-score   -1.9 (-2.1 to -1.225)  28 
Femoral Neck BMD g/cm2 0.741 (0.649-0.792)  27 
Femoral Neck T-score  -2.0 (-2.7 to -1.7)  29 
amedian (Interquartile range) 
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Revised Calcium, Vitamin D and Protein FFQ Results  
 The median (IQR) for total intake of calcium (as measured by the revised FFQ) was 2116 
mg (1507-2566). See Table 4. This consisted of 922 mg (554-1232) of calcium from food and 
1061 mg (703-1555) from supplements. The median (IQR) for total intake of protein was 59 g 
(46-73). This was all obtained from food. The median (IQR) for total intake of vitamin D was 
2583 IU (1603-3211). This consisted of 178 IU (117-317) of vitamin D from food and 2425 IU 
(1250-2850) from supplements.  
Block Questionnaire 2014 Full-length FFQ and Physical Activity Screener Results 
The median (IQR) for total intake of calcium (as measured by the Block 2014 FFQ) was 
2150 mg (1962-2641). See Table 4. This consisted of 1141 mg (847-1476) of calcium from food 
and 1250 mg (688-1450) from supplements. The median (IQR) for total intake of protein was 75 
g (57-92). This was all obtained from food. The median (IQR) for total intake of vitamin D was 
Table 3 Laboratory Resultsa 
Calcium mg/dl     9.3 (9.0-9.8) 
25(OH)D ng/ml    42 (35-45) 
Protein g/dl     7.1 (6.4-7.3) 
Phosphorus mg/dl    3.4 (2.8-3.7) 
Bone specific Alkaline Phosphatase ug/dl 13.4 (7.9-18.6) 
Creatinine mg/dl    0.76 (0.65-0.90) 
GFR mL/min/1.73 m2    24 >60, 6 CKD 3 
amedian (Interquartile range) 
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2213 IU (1329-2705). This consisted of 204 IU (124-300) of vitamin D from food and 2000 IU 
(1000-2400) from supplements.  
Bland Altman Method of comparing outcomes 
 Our main outcome was the difference in protein intake using the two FFQs. Using the 
Bland-Altman Method for comparing the agreement between the 2 measures of dietary intake of 
protein, we found a significant difference between methods. The mean difference between the 
FFQs measurement of dietary protein intake was 19.7 g (SD 21.6) which  is significantly different 
from 0 (1 sample t-test,  p=<0.0001).  See Figure 1. Non parametric correlations showed there 
was good correlation between the methods (Spearman rho =0.806, P<0.0001). See Figure 2. 
A secondary analysis of differences in calcium intake measurement using the two FFQs 
was also done. Using the Bland-Altman Method for comparing the agreement between the 2 
measures of intake of total calcium (including both food and supplements), we found no 
significant difference between methods. The mean difference between the FFQs measurement of  
Table 4 Nutrient Intake Resultsa  
    Revised FFQ  Block FFQ 
n    30   30 
Total Calcium (mg)  2116(1507-2566) 2150(1962-2641) 
Total Vitamin D (IU)  2583(1603-3211) 2213(1329-2705) 
Total Protein (g)  59(46-73)  75(57-92) 
Food Calcium (mg)  922(554-1232)  1141(847-1476) 
Food Vitamin D (IU)  178(117-317)  204(124-300) 
Food Protein (g)  59(46-73)  75(57-92) 
Supplement Calcium (mg) 1061(703-1555) 1250(688-1450) 
Supplement Vitamin D (IU) 2425(1250-2850) 2000(1000-2400) 
Supplement Protein (g)  0(0-0)   0(0-0) 
amedian (Interquartile range) 
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total calcium intake was 225 mg (SD 645) which  is not significantly different from 0 (1 sample t-
test, p=0.066). See Figure 3 for Bland Altman plot of mean differences in calcium measurement 
by both FFQs and 95% confidence limits with no proportional bias seen on linear regression. We 
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also examined food and supplement calcium intake with the Bland-Altman method. The mean 
difference between the FFQs measurement of food calcium intake was 277 mg (SD 300) which  
is significantly different from 0 (1 sample t-test, p=<0.0001). This demonstrates that the FFQs 
were not congruent on measurements of food calcium intake. See Figure 4. 
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The mean difference between the FFQs measurement of supplemental calcium intake was -52 mg 
(SD 491) which  is not significantly different from 0  (1 sample t-test, p=0.568). This 
demonstrates that the FFQs were congruent on measurements of supplemental calcium intake 
with no proportional bias seen on linear regression. See Figure 5. 
Another secondary analysis was performed of differences in Vitamin D intake 
measurement using the two FFQs. Using the Bland-Altman Method for comparing the agreement 
between the 2 measures of intake of vitamin D, we found no significant difference between 
methods in measuring intake of vitamin D from food or supplement sources. The mean difference 
between the FFQs measurement of total vitamin D intake was -386 IU (SD 1062) which  is not 
significantly different from 0 (1 sample t-test, p=0.056). See Figure 6. The mean difference 
between the FFQs measurement of food vitamin D intake was 21 IU (SD 86) which  is not 
significantly different from 0 (1 sample t-test, p=0.189). See Figure 7. The mean difference 
between the FFQs measurement of supplemental vitamin D intake was -408 IU (SD 1091) which  
is not significantly different from 0  (1 sample t-test, p=0.050). See Figure 8. There was no 
41 
 
 
 
proportional bias seen in any of the vitamin D measurement comparisons when examined by 
linear regression. 
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Correlations between Block 2014 FFQ Nutrients and BMD and Biochemical Markers 
 Spearman rho correlations were performed between the nutrient intakes collected by the 
Block 2014 FFQ and the spine and hip BMD measured by DXA. No significant correlations were 
found. Spearman rho correlations were also performed between the nutrient intakes collected by 
the Block 2014 FFQ and the biochemical laboratory testing that the patients had in their clinic 
chart. There was a significant correlation between dietary protein intake and dietary calcium 
intake (Spearman’s rho= 0.646, 2-tailed significance, p< 0.0001).  No significant correlations 
were found between the nutrient intake measured by the FFQ and any of the biochemical 
markers. There were some significant correlations between the biochemical markers themselves. 
Serum calcium concentration was significantly positively correlated with both albumin 
(Spearman’s rho = 0.529, 2-tailed significance, p=0.004) and protein (Spearman’s rho = 0.522, 2-
tailed significance, p=0.005). Serum calcium concentration was also significantly positively 
correlated with serum 25(OH)D concentrations (Spearman’s rho=0.381, 2-tailed significance, 
p=0.038). 
43 
 
 
 
 
Chapter 3: Discussion 
The primary outcome of this study was to revise the Block Calcium/Vitamin D Screener 
to include protein and validate it in elderly persons. As protein was the nutrient of interest, the 
study was only deemed successful if it validated the protein portion of the FFQ. While the FFQs 
had a good correlation between them, the revised FFQ did not pass the more rigorous Bland-
Altman method of agreement. In other words, although the trend was similar between the two 
methods with individuals with higher intake (or lower intake) remaining consistent between 
methods, the differences between the 2 methods was significantly different from zero. To pass the 
Bland-Altman method the difference between the questionnaires needs to be very small (close to 
zero). 
There are other methods that are used to validate new FFQs against existing validated 
FFQs. A common way is to use energy adjusted correlations. In this method, nutrient and food 
groups are evaluated according to total energy intake to account for measurement error. However 
this method cannot be used for screeners such as ours as total energy intake cannot be calculated 
from a partial dietary history (National Institutes of Health, National Cancer Institute, Accessed 
March 20, 2018). Another method is to use correlations. However, these don’t necessarily 
indicate how closely two methods agree. There are several variations of this method, one 
common method is to use deattenuation to correct for measurement error in measurements of 
variables. 
 Although it was not validated for protein intake measurement, the revised FFQ is valid 
for calcium and vitamin D intake. While this doesn’t differ much from the original Block 
Calcium/Vitamin D Screener, the revised screener does offer a couple of advantages. First, it does 
not require the purchase of the screener or the cost of processing and analysis that the original 
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does. Second, the revised FFQs results are calculated in real time making it useful in a clinical 
setting. The original Block Calcium/Vitamin D Screener has to be mailed in and processed and 
analyzed in batches, delaying the results by at least 3 weeks. 
While the revised FFQ could be used in a clinical setting, it does underestimate the 
protein intake compared to the Block 2014 FFQ. It has been suggested that longer FFQ’s may 
over estimate and shorter FFQ’s may underestimate nutrient intake (Thompson & Subar, 2013). 
This finding would apply to this revision as well, likely because grouping food into large 
categories such as “beef” or “poultry” limits recall of the variety of foods containing these 
sources that people typically consume.  
One major source of differences in the 2 FFQs we compared, was the nutrient data bases 
used to analyze the FFQs were based on different data. The Block is a patented nutrient database 
that is only accessible by using their patented FFQs. For the revised FFQ, we used the USDA 
nutrient database to determine nutrient content. So it is likely that even if we had exactly the same 
measure of the food portion and exactly the same frequency measured by both FFQs that the 
nutrient databases could contain sufficiently different nutrient data to provide different intakes of 
those nutrients. One way to assess that could be to fill out both FFQs at the same sitting. This 
would remove the source of error that could occur by patients’ diets changing between 
administrations of the FFQs or their recall being biased toward more recent intake. This work 
could be pursued in future with reanalysis of the questionnaires using the data collected by the 
Block 2014 FFQ fitted into the revised FFQ and the results compared.   
The revised FFQ could be further simplified by removing the specific name brand cereals 
(Special K Protein Plus®, Kashi GoLean® and Whole grain TOTAL®). These cereals were 
added because of their high protein content (Special K Protein Plus®, Kashi GoLean®) or high 
calcium content (Whole grain TOTAL®). After this study was completed, only one subject 
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interviewed ate any of these cereals and then only infrequently (1-2 times per week). They did not 
contribute significantly to their diet with Special K Protein Plus®, Kashi GoLean® contributing 
5% of the total protein reported and Whole grain TOTAL® contributing 10% of the food calcium 
reported and 6.5% of the total calcium reported. The other item that could be eliminated is 
Rolaids®. Not one subject in our study reported using Rolaids®. 
The nutrient intake of these subjects, according to the Block 2014 FFQ, was interesting. 
Both men included in the study were getting well in excess of the Recommended Dietary 
Allowance (RDA) for protein in adult men of 56 g (94 g and 148 g respectively) (National 
Academy of Sciences, Institute of Medicine, & Food and Nutrition Board, ). This is compared to 
76  g per day in the NHANES 2005-2006 survey in men over age 71 (Berner, Becker, Wise, & 
Doi, 2013). Women in this study  had a median intake of 72 g per day compared to 55 g per day 
in the NHANES 2005-2006 survey in women > age 71 years (Berner et al., 2013). Five women 
were getting less than the RDA of 46 g per day with the majority (23 subjects) receiving > 46 g 
per day. As a group, the subjects were taking in a median of 1 gram per kilogram of body weight 
(0.75g/kg – 1.31g/kg). 
The median total calcium intake in this study was 2150 mg per day. Only twelve subjects 
were getting >1200 mg of calcium from dietary intake alone, but adding calcium supplements  
brought all but 3 subjects well above 1200 mg. In fact, 20 subjects were taking enough 
supplemental calcium to bring them well above the Tolerable Upper Limit of 2000 mg per day 
(Ross, Taylor, Yaktine, & Del Valle, 2011). This is also well in excess of the NHANES 2003-
2006 data which reported men and women >age 71 years were getting a mean intake of about 
1100 mg per day from all sources (Bailey et al., 2010). This is likely a result of these subjects 
having had a recent fracture and being counseled to increase calcium intake. 
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The median total vitamin D intake was 2213 IU per day. While no subjects received the 
recommended 800 IU of vitamin D from food alone, supplemental vitamin D provided >800 IU 
per day for all but seven subjects. This is also higher than that reported by the NHANES 2005-
2006 survey which reported mean intake of about 400 IU per day in persons > age 71 years 
(Bailey et al., 2010). This is likely a result of counseling regarding vitamin D intake post fracture, 
but also the general acceptance of vitamin D supplements by the medical community and lay 
persons over the last decade. 
The sources of nutrients was interesting. According to the Block 2014 FFQ, protein was 
solely supplied through food, although seven subjects used protein drinks such as Ensure® or 
Slimfast® or protein powder to supplement their diet. Vitamin D was almost completely provided 
by supplements as food sources do not typically contain large amounts of vitamin D. Calcium 
from food accounted for about half of intake with the other half being provided by supplements. 
The subjects had osteoporosis by definition as a result of their fragility fracture(s), 
however, many did not have T-scores < -2.5 which is the threshold for defining osteoporosis by 
DXA scan. Only 8 subjects had T-scores < -2.5 in their spine and only 4 subjects reached that 
threshold in their hip measurement and 8 subjects in their femoral neck measurement. This is 
reflective of the national data showing that the majority of fractures are in patients with higher 
BMD as there are more of those patients in existence. 
The strengths of this study were the subjects were representative of the age of the 
fracturing patients seen in the hospital for fractures during this time period. A chart review of 481 
fracturing patients over the 2 years this study was conducted revealed the patient’s median age 
was 75 years (65-86) compared to the study subject’s median age 74 years (70-78), (p=0.672, 
Mann-Whitney U) (author’s unpublished data).  
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There were some limitations to this study. The subjects were handpicked as being willing 
and able to undergo an hour long interview of dietary intake. They also had to score high on the 
MMSE in order to qualify for the study so they were not representative of the most ill patients 
seen in the orthopedic clinic.  Compared to age norms, they were in the upper quartile of MMSE 
scores for their age (Crum, Anthony, Bassett, & Folstein, 1993). One problem with getting this 
type of historical recall data from fracturing patients, is the level of morbidity from either the 
fracture or the underlying disease that led to the fracture, which precludes the patients’ ability to 
participate. Wengreen et al. (Wengreen et al., 2004) noted in their case-controlled osteoporosis 
study that 37% of the cases of hip fracture were either deceased or too frail, ill or demented to 
complete the dietary interview, making the results of their study only valid for the healthier 
participants of the cohort. This was likely true of this study as well. 
Ultimately, we are concerned with the morbidity and mortality patients suffer after a 
fracture. In this study, one patient refractured after the study was complete, 5 subjects were 
readmitted for other health problems (one was readmitted 3 separate times), and one patient died 
after the study was complete. 
CONCLUSIONS 
 Good nutrition is a fundamental requirement of osteoporosis treatment and taking a 
thorough assessment of nutrient intake can be assisted by a food frequency questionnaire. 
Producing a high quality questionnaire involves refining the food list based on population intake 
not by nutrient content, developing a trustworthy nutrient database, and validating the 
questionnaire in the population of interest.  
 
“He who cures a disease may be the skillfullest, but he that prevents it is the safest physician.”  
― Thomas Fuller 
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Validation of a Revised Food Frequency Questionnaire in a population of elderly 
men and women with fragility fractures and correlation with bone mineral density 
and biochemical markers 
Abstract 
The purpose of this study is to validate a revised food frequency questionnaire that is 
designed to capture vitamin D, calcium and protein intake in a population of elderly men 
and women with fragility fractures. Protein, calcium and protein intake will be correlated 
with biochemical measures and bone mineral density measured by DXA. Forty five 
eligible participants will be recruited from the endocrine referrals for 
osteoporosis/fracture. They will be men and women, age >65 years with a fragility 
fracture (defined as a fracture sustained after a fall from a standing height or less). They 
will be English speaking. They will need to have the mental capacity to recall events, 
(MMSE score >23).11 They will need to have a telephone and the ability to answer 
questions over a phone. They will not have secondary causes of fragility fracture such as 
malabsorption (celiac disease, bariatric surgery), liver disease, organ transplant, 
hyperparathyroidism, multiple myeloma, current cancer diagnosis, or alcoholism. They 
will not have renal disease requiring dialysis (as the dietary requirement of these patients 
is quite different from the general elderly population). They will not be on tubefeeds of 
any kind (although supplemental food such as Ensure is allowed). The evaluations will 
include a history and physical exam, and a mini mental status exam. Two telephone 
interviews will be conducted ~ 4 weeks apart during which the Block 2014 questionnaire 
will be given and the revised screener will be given. The order that the questionnaires are 
given will be randomized. As part of the standard of care workup for osteoporosis, a 
biochemical workup including 25-hydroxyvitamin D, comprehensive metabolic profile, 
bone specific alkaline phosphatase (a bone remodeling marker), phosphorus and 
transglutaminase IgA (to rule out celiac disease), and  DXA scan for bone mineral 
density (BMD) measurement will be done. The BMD by DXA and 25-hydroxyvitamin D 
will be correlated to protein, calcium and vitamin D intake obtained by the Block 2014. 
 
 
Introduction 
In many studies it is important to document what nutrients or foods a person is 
consuming in their habitual diet or during the course of the study. The most accurate way 
to do this is to prepare, weigh, and measure all foods consumed by the study subject 
during the study, and for nutrient balance studies this is the method used.  As you can 
imagine this is very labor intensive and doesn’t necessarily reflect how the person eats in 
“real” life. So more commonly, we get a self-reported measure of what the person 
consumes either during a prescribed period of time or on average over the previous few 
weeks to a year. The three most common methods used for assessing dietary intake are 
the following: a) a diet record in which a subject documents the foods consumed over a 
period of 3-7 days, b) a 24-hour dietary recall in which a subject is interviewed about all 
the food they consumed in the last 24 hours, and c) a food frequency questionnaire (FFQ) 
which can be completed by the subject with or without study staff. The latter is 
commonly used because it requires less study staff burden and it is meant to capture 
habitual intake over months rather than just a few days. 2 
Per Cade et al.3 the definition of a food frequency questionnaire is: 
“A questionnaire in which the respondent is presented with a list of foods 
and is required to say how often each is eaten in broad terms such as X 
times per day/ per week/per month, etc. Foods chosen are usually chosen 
for the specific purposes of a study and may not assess total diet.” 
There are very long food frequency questionnaires (FFQs) which attempt to capture every 
food, but these can take up to 2 hours to complete so shorter FFQs were developed to 
assess specific nutrients or food groups of interest. I have chosen to revise the existing 
validated Block Calcium/Vitamin D Screener (we will call it “Calcium/Vitamin D 
Screener” for the rest of the document) for use in a population of elderly patients with a 
history of fragility fracture. My goal is to capture not only the calcium and vitamin D 
intake as in the Calcium/Vitamin D Screener, but also protein intake. The 
Calcium/Vitamin D Screener in its current form is a food frequency (FFQ) intended for a 
US adult (>age 18) population of non- institutionalized civilians. The instrument includes 
19 food items and 3 supplements and is intended to estimate some high percentage 
(amount not specified) of the respondents’ habitual intake of calcium and vitamin D. It 
does not include protein as an outcome which of particular relevance for the bone health 
of these patients.  
Background 
Calcium and vitamin D are well known in their effects on bone and the importance of 
their presence in adequate amounts for bone growth and maintenance. In osteoporosis 
treated patients, the nutrients are especially important because all clinical trials of 
osteoporotic medications used calcium and vitamin D supplements for all subjects. 
Protein has received less attention, but is none the less, an essential nutrient. 50% of bone 
matrix is composed of protein and as bone is remodeled, the protein that is removed is 
eliminated from the body, requiring a fresh source of dietary protein be used for the new 
bone. Hannan et al. showed in their cohort of osteoporosis patients >75 years old that as 
protein intake decreased, bone loss at the femoral neck increased.4 A randomized 
controlled intervention with protein supplements after hip fracture increased bone mineral 
density  (BMD) at the proximal femur in a group of elderly patients. 5 There appears to be 
a synergistic effect of calcium and protein on BMD. In one randomized, placebo 
controlled trial of calcium supplementation, only those supplemented with calcium at the 
highest protein intakes improved their femoral neck bone mass over 3 years. 6  
Paradoxically, in the same study, high protein intake in combination with low calcium 
intake led to the greatest loss of BMD. So the role of calcium and protein appears to be 
synergistic and as with most nutrition elements, cannot stand alone independent of the 
rest of the diet. Because protein, calcium and Vitamin D are so integral to bone health, I 
propose to capture these three nutrients intake with a revised screener. 
Conceptual Framework 
The three dimensions that the revised screener is designed to capture are calcium, vitamin 
D and protein. Many times these are in the same foods (i.e. milk) and other times they are 
in separate foods (i.e. calcium fortified foods and meat). 
Rationale 
While a 24 hour food recall method can be used to record a more comprehensive list of 
foods and capture nearly every source of calcium, vitamin D and protein, this is very 
labor intensive for the study staff and therefore expensive. A 24 hour food recall also 
typically captures only the last 24 hours and therefore may not be representative of the 
subject’s typical diet. The food frequency questionnaire, while not as comprehensive in 
scope, is more efficient at getting the most relevant sources of calcium, vitamin D, and 
protein. A full length validated Block FFQ (which we will refer to as the Block 2014) 
combines a full-length food frequency questionnaire with a brief physical activity 
screening tool. The food and beverage list includes 127 items, plus additional questions 
to adjust for fat, protein, carbohydrate, sugar, and whole grain content. There is also a 
shorter Calcium/Vitamin D Screener, but it does not include all relevant sources of 
protein. I would like to consolidate the Block 2014 and the Calcium/Vitamin D Screener 
to capture vitamin D, calcium and protein in one revised screener that will be used in 
patients with osteoporosis and fracture. 
Preliminary Work 
Food List Development Before any revision can be attempted, a food list was developed 
that captures 60-70% of the calcium, vitamin D, and protein from food and supplement 
sources in this population. The screener does this adequately for calcium and vitamin D. 
However, protein sources were identified from the Block 2014 and from an article by 
O’Neil et al. which lists the top food sources of calcium, protein and vitamin D.7 The 
highest protein foods were identified and included in the revised screener. 
Instrument Design 
Once we developed a food list, the physical design of the revised screener instrument was 
made. This was closely based on the Calcium/Vitamin D Screener, which has a very 
good, clear format. At the top, the subject identifying information and demographics such 
as age and sex is placed. The food list of 29 food  items and 5 supplements is on the left 
side with a 7-part scale on the right side with a range of frequency from never to 
everyday. Certain foods ask for specific amounts from 1/2-3 cups etc. Supplements and 
food fortification questions are at the bottom of the questionnaire. The instrument will be 
tested for face validity in a representative sample (n=4) of the elderly population so that 
any issues with readability (font size, reading level, etc…) or clarity can be addressed 
before testing for validity is done. I will choose a range of educational status for this 
sample to ensure that the screener is understood by a wide audience.  
Scoring Each food item will be entered into a file listing the calcium, protein and vitamin 
D content (in mg, g and IU) reported by the  United States Department of Agriculture  
Agricultural Research Services’s National Nutrient Database for Standard Reference 
Release 28. We will collect data on portion size using the same format as the Block 2014 
and multiply the portions reported by the amount of calcium, vitamin D and protein in 
each serving to obtain the amounts of nutrients eaten. This will be multiplied by a 
frequency value to provide an estimate of calcium (mg), protein (g) or vitamin D (IU) 
taken in daily. The value for each frequency category was calculated by dividing 1 by the 
average frequency in that category (ie once per week is 1/7 or 0.14). The frequency 
category values are 0 for never to a few times per year, 0.7 for 1-3 x per month, 0.14 for 
once a week, 0.28 for 2 x per week, 0.5 for 3-4 x per week, 0.79 for 5-6 times per week 
and 1 for everyday. These frequency values are based on the Block 2014 frequencies 
which has 9 categories. We condensed some of the very small values such as ‘never’ and 
a ‘few times a year’ into 7 frequency categories.   
Measurement 
I used the United States Department of Agriculture Agricultural Research Services’s 
National Nutrient Database for Standard Reference Release 28 to assess the nutrient 
content of the diet obtained by the revised screener.  I will use Nutrition Quests services 
to obtain the Block 2014 data. 
Validity The content validity of an FFQ is determined by the construction and 
development of the food list from a large representative sample of the population. In the 
context of documenting food and nutrient intake, our most important concern is criterion 
validity or how well the instrument measures what it purports to measure. This has been 
done for the Block 2014. It will be important to validate the revised screener in the 
population of elderly subjects with fragility fracture in which it will be used. To validate 
it, we will compare the nutrient intake measured by the revised screener to the nutrient 
intake measured by the Block 2014. For criterion validity, we will have 30 subjects 
undergo the Block 2014 and the revised screener.8 I will use the Bland-Altman method to 
assess the agreement between the two methods of measurement which is the gold 
standard used for comparing instruments. 9 
Statistics 
Power: Based on the O’Neil et al article,7 females greater than 71 years consume 58.6 
(+14.7) g/d of protein.  Assuming the correlation between the two assessments is 0.6, a 
sample size of 30 achieves 89% power to detect equivalence when the margin of 
equivalence is from -8.0 to 8.0 g of protein /day and the actual mean difference is 0.0. 
The significance level (alpha) is 0.05 using two one-sided Paired T-Tests. In other words, 
if the difference in protein intake as determined by the two questionnaires is between 8 
and -8 g/day the two questionnaires will be equivalent.   
Analysis: Descriptive statistics will be generated and all values will be expressed in 
median (interquartile range) if the values are not normally distributed. The agreement 
between the two methods of measurement of nutrient values will be compared using the 
Bland-Altman method. (Bland & Altman, 1986). The subjects’ biochemical and bone 
mass values will be reported with nonparametric values. Correlations between nutrient 
values obtained by the Block 2014 and the bone mass and biochemical measures will be 
examined using Spearman correlations. 
Subjects: The subjects will be elderly men and women, defined as >65 years,10 who have 
sustained a fragility fracture (defined as a fracture sustained after a fall from a standing 
height or less). These patients will be seen either in the hospital, the endocrine office, or 
in the orthopedics department. The patients are referred by the orthopedic service for 
workup and prevention and treatment of osteoporosis. The standard of care is to undergo 
biochemical workup for bone health which includes 25-hydroxyvitamin D, 
comprehensive metabolic profile, bone specific alkaline phosphatase (a bone remodeling 
marker), phosphorus and transglutaminase IgA (to rule out celiac disease), DXA scan for 
bone mineral density measurement and counseling regarding food choices for calcium 
and protein rich foods and the need to continue calcium and vitamin D supplementation. 
Frequently,  they are in rehabilitation or a nursing home for some time after their 
dismissal from the hospital. If this is the case, we will wait until they return home to do 
the interviews. 
Inclusion/Exclusion: The subjects will be men and women, age >65 years with a 
fragility fracture (defined as a fracture sustained after a fall from a standing height or 
less). They will be English speaking (the questionnaire will be validated in English, to 
validate it for another language would be appropriate for a separate project focusing 
specifically on that population as types of food intake may vary with culture). They will 
need to have the mental capacity to recall events, (MMSE score >23).11 They will need to 
have a telephone and the ability to answer questions over a phone. They will not have 
secondary causes of fragility fracture such as malabsorption (celiac disease, bariatric 
surgery), liver disease, organ transplant, hyperparathyroidism, multiple myeloma, current 
cancer diagnosis, or alcoholism. They will not have renal disease requiring dialysis (as 
the dietary requirement of these patients is quite different from the general elderly 
population). They will not be on tubefeeds of any kind (although supplemental food such 
as Ensure is allowed).  
Protocol: After signing informed consent, and MMSE and history and physical exam 
will be completed. A copy of the food pictures from the Block 2014 will be given to the 
patient. An appointment time for a telephone call (about 4 weeks later) will be arranged 
to administer the questionnaire. The patient will be randomized using a 4 block 
randomization schedule  to receive either the Block 2014 or the revised screener 1st 
followed by the other questionnaire to account for any confounding that the clinic visit 
and education nay have on the measurements.  After the 1st call, a 2nd telephone 
appointment will be made about 4 weeks later to administer the 2nd test. The results of the 
exams, history, FFQ and food recall will be entered directly into an Access database.  As 
part of the standard of care workup for osteoporosis, a biochemical workup including 25-
hydroxyvitamin D, comprehensive metabolic profile, bone specific alkaline phosphatase 
(a bone remodeling marker), phosphorus and transglutaminase IgA (to rule out celiac 
disease), and  DXA scan for bone mineral density (BMD) measurement will be obtained 
from the medical record. The BMD by DXA and 25-hydroxyvitamin D will be correlated 
to protein, calcium and vitamin D intake obtained by the previously validated Block 
2014. 
Risk: There is a risk that the patient’s data could been seen by someone outside of the 
study. This will be guarded against by storing all data directly into Access where it will 
be password protected. 
Significance: The revised screener will be specifically designed to capture nutrients 
important to bone and validated in a population of elderly, fragile persons. It will be 
correlated to relevant clinical measures of bone health (biochemical markers and bone 
mass measured by DXA). 
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ID#_______ 
Date________ 
 
Patient Demographics 
Name___________________ 
Phone number _________________ 
Address____________________ 
 _____________________ 
Sex M  F 
DOB___________ 
Age___________ 
Race  
Are you Hispanic or Latino?  Y N 
Race (can use more than one): 
White,  
Black or African American,  
American Indian/Alaska Native,  
Asian,  
Native Hawaiian or Other Pacific Islander 
Height_________ 
Have they lost >2 inches in height since they were young? Y N 
Weight_________ 
Smoking History 
 ___ Current___ packs____ years 
 ___Former____ Never 
Fracture History (Sentinel fracture that led to the referral) 
 Date_______ 
 Anatomical Location______________ 
 Repair Surgical, nonsurgical _______________ 
Other Fractures (approximate Dates) 
_________________________________________________________________ 
Do you recall anyone in the past telling you you had osteoporosis? Y  N 
Did you ever have a DXA or bone scan to see if you had osteoporosis? Y  N 
Were you ever on any medications for osteoporosis?  Y 
N____________________________ 
Did anyone tell you you needed to take calcium?   Y  N  
Did anyone tell you you needed to take vitamin D?   Y  N 
Before your fracture, where did you live? House Apartment Retirement Center 
Nursing Home 
 
 
Hospital Course 
Was calcium started inpatient? Y N      Type, Dose & frequency_________ 
Was vitamin D started inpatient?  Y N   Dose & frequency_________ 
Date of Discharge 
To: Home, Skilled Nursing facility 
 
At 1st Followup Visit with Endocrine after Sentinel Fracture 
Was patient taking calcium?  Y  N  Type, Dose & frequency_________ 
Was patient taking vitamin D? Y N Dose & frequency_________ 
 
Complications: 
Readmission to the Hospital DATE_______________ 
Fracture DATE_________________ 
Death DOD____________________ 
 
DXA latest: Date_________ 
Machine or facility_________ 
BMD spine ____________ 
Tscore Spine _____________ 
TBS score____________ 
BMD hip_____________ 
T score hip_______________ 
BMD femoral neck____________ 
Tscore femoral neck_____________ 
 
Labs 
25(OH)D_________ 
BSAP__________ 
Phos____________ 
Calcium __________ 
Creatinine _________ 
GFR __________ 
Sodium _________ 
Alkaline Phosphatase ________ 
Albumin ___________ 
Total Protein________ 
Transglutaminase IgA neg pos 
Labs at UNMC? Y N 
 
 
  
 
